The flow of nanofluids past a stretching sheet has attracted much attention due to its wide applications in industry and engineering. Theoretical and numerical solutions have been discussed in this paper for studying the effect of suction or injection on flow of nanofluids past a stretching sheet. In the absence of thermophoresis the analytical exact solution of the stream function was obtained in terms of exponential function, while the exact solutions for temperature and nanoparticle volume fraction were obtained in terms of the generalized incomplete gamma function. In addition, in the presence of thermophoresis, the exact solutions are not available. Therefore, the numerical results, carried out by using Chebyshev collocation method (ChCM). It is found that a good agreement exists between the present results and with those published works. Useful results for temperature profile, concentration profile, reduced Nusselt number and reduced Sherwood number are discussed in details graphically. It was also demonstrated that both temperature and concentration profiles decrease by an increase from injection to suction. Finally, the present results showed that increase of the wall mass transfer from injection to suction decreased both reduced Nusselt number and the reduced Sherwood number when Brownian motion parameter and Lewis number increased.
Introduction
Nanotechnology has been widely used in industry since materials with sizes of nanometers possess unique physical and chemical properties. Nanotechnology is considered by many to be one of the significant forces that drive the next major industrial revolution of this century. Nanoscale particle added fluids are called as nanofluid. It represents the most relevant technological cutting edge currently being explored. It aims at manipulating the structure of the matter at the molecular level with the goal for innovation in virtually every industry and public endeavor including biological sciences, physical sciences, electronics cooling, transportation, the environment and national security. Choi [1] is the first author to use the term nanofluid which refers to the fluid with suspended nanoparticles. In [2] , the author proved that the addition of small amount less than 1% by volume of nanoparticles to conventional heat transfer liquids increased the thermal conductivity of the fluid up to approximately two times. Each of the authors [3] , [4] , [5] and [6] reported that with low nanoparticles concentrations (1-5 Vol %), the thermal conductivity of the suspensions can increase more than 20%. In recent years, some interest has been given to the study of the boundary layer flow of a nanofluid and some useful results have been introduced by the authors Kakac and Pramuanjaroenkij [7] , Abu-Nada [8] , Oztop and AbuNada [9] , Nield and Kuznetsovand [10] , and Kuznetsov and Nield [11] . The exact resolution for the flow over a stretching sheet with suction and injection effect has been reported by Gupta and Gupta [12] . The aim of the present paper is to extend the work of Khan and Pop [13] for studying the effect of suction or injection on flow of nanofluids past a stretching sheet, where new analytical and numerical results are deduced at some values of the investigating physical parameters. The present exact solutions can be found easily in terms of exponential and generalized incomplete gamma functions at some new values of the physical parameters. They are then validated and plotted by using Chebyshev Collocation Method (ChCM).
Analysis
A similarity transform is applied in Khan and Pop [13] to convert the basic steady conservation of mass, momentum, thermal energy and nanoparticales equations for nanofluids into nonlinear ordinary differential equations and given by:
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with the boundary conditions:
where primes denote to differentiation with respect to and Pr, Nb, Nt and Le are Prandtl number, Brownian motion parameter, thermophoresis parameter and Lewis number, respectively. Moreover, f , and are the dimensionless of the stream function, temperature and nanoparticle volume fraction, respectively. When s = 0, i.e. with no effect of the suction or injection parameter, the system (1) − (5) is reached to that one obtained in [13] . Furthermore, the exact solution of Eq. (1) subject to the boundary conditions in (4) − (5) is already well known and investigated by Crane [14] as:
In the case of s ≠ 0, i.e. with effect of the suction or injection parameter, assuming the solution in the form
Substituting Eq. (7) into Eq. (1) and in view of the boundary conditions given in (4) − (5), the exact solution of Eq. (1) becomes:
where d = 1 denotes stretching sheet. Then, the system (1)−(5) reduces to the following ordinary differential equations:
where the boundary conditions on ( ) and ( ) are given in (4) − (5). Further, as in Kuznetsov and Nield [11] , the quantities of practical interest in this study are the reduced Nusselt number Nur and the reduced Sherwood number Shr which are defined respectively by
Exact solutions for special cases at Nt=0
In this subsection, prospect of getting exact solutions for the present governing equations, i.e. the system (1) − (5), at several particular values of the physical parameters are used for this purpose.
Case I: at Nb = 0
In this case, substituting Eq. (7) into the system (9 − 10) simplifies to a single boundary value problem for ( ) while the boundary value problem for ( ) leads to ill-posed and is of no physical significance. The boundary value problem for ( ) becomes:
In order to solve Eq. (12), by using separation method and carry out integration twice w.r.t. from 0 to , yields
(13) Applying the condition (0) = 1, Eq. (13) becomes:
. (14) Assuming that = Pr e − , the integration in Eq.
(14) can be analytically converted in terms of a well-known special function as:
Using the definition of the generalized incomplete gamma function
we can rewrite Eq. (14) as:
Inserting the boundary condition (∞) = 0 in Eq. (17), we obtain
Substituting Eq. (18) into Eq. (17), we get the exact solution of the temperature distribution in terms of the generalized incomplete gamma function in a simpler form at any Prandtl number Pr:
(19) The reduced Nusselt number has the exact value :
Case II: at Nb ≠ 0
The system (9 − 10) simplifies to two coupled ordinary differential equations at Nt = 0:
In order to solve the equation (21) must be found ( ) and that the integration of the equation (22) twice w.r.t.
and using the equations (4 − 5) following the same steps of the first case, then
Using the boundary condition (∞) = 0, we get
.
(24) Hence, the exact solution for ( ) in a simpler form as:
Inserting Eq. (25) into Eq. (21) and in the same procedure made above, we get ( ) in a closed analytical form as: The exact expression for ( ) in a simpler form in this case is given by
By putting Pr = Le = 1 in Eq.(26), becomes:
where, 
Numerical
In the presence of thermophoresis parameter, the exact solutions are not available. As described in the literature review, Canuto et al. [15] and Peyret [16] , Chebyshev collocation method (ChCM) can be considered as a suitable choice for many practical problems. Therefore, Eqs.
(1) − (3) with the boundary conditions (4) and (5) have been solved numerically by applying Chebyshev collocation method (see Refs. [17] and [18] ).
Results and Discussion
Eqs.
(1)−(3) with the boundary conditions (4) and (5) have been solved analytically in the absence of thermophoresis parameter where the exact solutions are available. Also, in the presence of thermophoresis parameter, the exact solutions are not available. Therefore, these equations carried out numerically, by using Chebyshev Collocation Method (ChCM). Table 1 these profiles of ( ) decrease with the increase in Pr and s = 0, 10 (suction) without variety in the temperature as in Fig. 1 (b) . In Fig. 1 (c) ,for injection case, there are no observable effect for s on the reduced Nusselt number Nur = − ′ (0) when s ≤ −1 . However, for s > −1 the reduced Nusselt number Nur = − ′ (0) begins to increase with increasing in s and Pr . Fig. 2 (a, b) illustrates the present new exact and numerical results for the effect of s = −1, 0, 1 on ( ) and ( ) in the case of Nt = 0, Pr = Le = 1, d = 1 for (a) Nb = 0.1 and (b) Nb = 0.5. It is shown that the typical identical of these two type of solutions at s = −1, 0, 1 which reveal that the numerical Chebyshev collocation method (ChCM) is really effective and very accurate in studying the similar problems. Moreover, these profiles decrease with Fig. 3 (a) . Besides the typical matching of the exact and numerical solutions at given values of Le and Nb .It should be noted that in Fig. 3 (b) there is no effect of Nb (see, Eq. 25). Fig. 4 (a, b) indicates that the re- ical solutions for ( ) and ( ) in the case of no effect of the parameter s are agreement with [13] . It is noted that when Le ≻ 1 the thickness of the thermal boundary layer for the temperature profile ( ) is bigger than thickness of the boundary layer for the concentration profile ( ). But with the increase of the parameter s each of the temperature profile ( ) at Nt = 0.1, 0.3, 0.5 and the concentration profile ( ) at Nb = 0.1, 0.3, 0.5 decrease as shown in Fig. 5 .
Conclusion
New analytical and numerical solutions have been analyzed in absence and presence of thermophoresis for studying the effect of suction or injection on flow of nanofluids past a stretching sheet. In the absence of thermophoresis the analytical exact solution of the stream function was obtained in terms of exponential function, while the exact solutions for temperature and nanoparticle volume fraction obtained in terms of the generalized incomplete gamma function. In the presence of thermophoresis a system of ordinary differential equations 5. Lewis number Le ≻ 1 has strong effect on the concentration profile ( ), where an increase in the Lewis number Le the concentration profile ( ) decreases and also the Brownian motion parameter Nb has no effect on the concentration profile ( ).
